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[57] ABSTRACT 

An inter-cell, electron-conducting, ion-insulating connector 
for u se in an electrical capacitor comprising a substrate of 
metal sheet or graphite which is laminated on at least one side 
with an elastomer containing electrically conductive carbon 
Wack tn sufficient amounts to render the elastomer conduct- 
|n g. 

10 Claims, 2 Drawing Figures 




11/23/2003, EAST Version: 1.4.1 



Patented April 11, 1972 3,656,027 




INVENTOR. 
RALPH E. ISLEY 

BY 

ATTORNEY 

11/23/2003, EAST Version: 1.4.1 



? 3,656,027 

v wwwiiy^uvini.KViuu&uuNNECTOR the Monel metals which are alloys of predominantly nickel 

This invention relates to an improved electrical capacitor Zt^fi^f' ^ ™? ^ ckel ^ m P referred 
and more particularly to an electrically conduct 5 ^Tt i * Placed between 

ouswnneSorforusimanelecWcK ^^er laminate and the nickel substrate. Not to be ex- 

lentstability atelevated temperatures. * ^ , from "J*™* ""J™* of <■* invention is graphite 

The connector of this invention is characterized as an elec s ^ ^ ^ be sa^ctory for this purpose, 
tron-conducting and an intercell ionic-insulating member that nri-T?^ ° SUb ? rale cora ' 

is chemically inert to the corrosive electrolyte of the cell a 10 il^/ 1 * ° f ^^ductmg woven fibers instead of 
elevated temperatures. metal - In such embodnnent the elastomer is superposed on 

. One of the most difficult problems to solve in achievhra a "i"" 1 0t i! l0OSe net of fibers composed of such materials as 
paste electrode capacitor with temperature stability is findL g ' a ? bes ^ f arbon » cellulose, etc., for the purpose of 
a connector that is chemically inert to the corrosive elec- P™* 511 * 0 * elastomer from stretching. Metallic screen is 
trolyte at elevated temperatures and at the same time con- 15 ^ 8 ^le as a substrate material, 
tnbutes little to the overall equivalent series resistance of the . The rubber-carbon black blends may be applied to the sub- 
system. Most metals that have low corrosion rates in elec- k v" 17 ° ne ******* methods known to those skilled in 
trolytes do so by forming a protective film on the surface of ^ ^^P 1 ^ ^ey ma y be applied by calendering, silk 

the metal. This film then insulates the electrode from the "p**"** spray coating, brush coating, etc. For most applica- 
metal connector thereby resulting in a cell with high 20 u°T carbon saturated elastomer is mixed with a suitable 
equivalent series resistance. An obvious means for overcom- Jj vo ; r ocarbon or substituted hydrocarbon solvent to obtain the 
ing this problem of protective film formation on the surface of dearable consistency for the particular method of application 
the metal is to plate the metal or metal alloy substrate with a employed. Solvent systems particularly satisfactory for the 
layer of ah inert noble metal such as gold. However in most carbon-saturated butyl rubbers are toluene and mixtures of 
cases this method is impractical from the standpoint of cost 25 toIuene 2X1(1 ^ xylenes. 

The electrically conductive connector of this invention "^e elastomer coating should be applied to the substrate in 
which meets the requirements for a capacitor operable in the suffic »ent thickness to provide for adequate corrosion protec- 
range of -40° to 1 75° C. comprises a substrate of metal sheet, don a ? ainst ^ electrolyte and at the same time not too thick 
metal foil or graphite sheet having laminated thereto on at a co^ng sn °uld be applied so as to increase the overall elec- 
least one side an electrically conductive polymer. Preferably 30 resistanc e of the cell beyond the desirable limits, 
the polymer is one that can be blended with a sufficient Generally, a thickness of at least 2 mils is found to be essential 
amount of electrically conductive carbon black to give the t0 P rovide toe corrosion protection required, and the coating 
desired level of conductivity. Because high concentrations of should not exceed a thickness of about 10 mils so as not to in- 
carbon black are required for this purpose, elastomers are , c fF* 1 * resistance of the overall system beyond the 30 mil- 
generally more satisfactory than high modulus resins. The 35 llohmlimi V 

preferred elastomers are those in which sufficient amounts of 7^ ,aminate of the carbon-saturated elastomer may be ap- 
carbon black can be added to increase the conductivity or P Iied directI y on ^e metal substrate or it may be desirable to 
conversely to lower the resistance of the elastomer to within im P r ove its adhesiveness by previously coating the substrate 
the range of lQ- 4 ohm -inVrail, or so that the equivalent series 4ft mth a metal P ri mer. Again the primer selected should be one 
.resistance of the overall cell does not exceed 30 milliohms. th at is electrically conductive and one that contributes little 

The elastomers suitable for lamination for the connector of electrical resistance to the system at the temperature of opera- 
this invention are the natural rubbers and the synthetic rub- tion of cell. Examples of suitable primers include phen- 
bers obtained from ethylene, propylene, isobutylene, bur ylethylethanol amine, trimethoxysilylpropethylene diamine 
tadiene, isoprene, chloroprene, copolymers of styrene-bu- 45 tetraethyl ammonium toluene parasulfonate, gamma 
tadiene, copolymers of isobutylene with various conjugated aminopropyltriethoxysilane, and in particular 
dienes wherein the amount of the diene does not exceed about polyethyleneimine. ' 
5 percent, as for example the but yl rubbers , chlorosulfonated 11 is advantageous to seal the elastomer laminate to the 
polyethylene, vinylidene fluoride polymers, ethylene- metaI substrate by compression molding to improve corrosion 
propylene terpolymers, nitrile rubbers, and Thiokol rubbers. 50 Protection and to lower the electrical resistance of the coat- 
Preferred are the natural rubbers and the synthetic rubbers ing. To further reduce the electrical resistance of the laminate 
prepared from copolymers of butadiene with styrene or on the metal substrate the elastomer coating may be cured by 

Vacrylomtnle, and most preferred are the butyl rubbers exposure to nuclear radiation, ultraviolet light, infrared radia- 
oecause of their ability to retain large amounts of conductive ^n, steam, hot air and preferably vulcanization under pres- 
carbon black and at the same time maintain their other desira- 55 sure « m lhe vulcanizing procedure, the carbon-saturated 
2! e P r0pe K ieS u. 1 . . - « elastomer is mixed with the usual vulcanizing agents such as 

J he carbon blacks suitable for the purpose of this invention accelerators, antioxidants, antiozonants, waxes, stabilizers etc 
are preferably finely divided, electrically conductive furnace and is cured at temperatures of from roomtemperature to 
blacks that are produced by the thermal decomposition or in- 360° F. and at pressures of from 15 to 25,000 osi for a oeriod 

tZv*«r w^ UStl °!I °« Pet i ° ,eUm f ° r g3S * ChanneI 60 Pf time Tan ^ from 5 mlaute « t0 24 hours > depending on the 

blacks or blacks made fine by grinding, although operable in . temperature of cure. For example, a laminate may be cured at 

tins invents, are less satisfactory for this purpose. The car- room temperature for a period of 24 hours 

^?oht Ko 316 advm *8F oua| y ** de t t0 «■* rabbe r on a The invention will be more readily understood from the fol- 

weight basis in concentrations ranging from 50 to 200 parts of . lowing detailed description taken in 3 n wSf thl 

carbon black per hundred parts of the rubber and preferably 65 drawings wherein: conjunction with the 

Sber t0 1 75 ^ ° f Carb ° n WaCk *** hUndfed partS ° f tor Ra 1 is M view showin 8 P^ of the capaci- 

n,,^r U rt f S ^! e i 0f ^f* 0 ^ consist of any one of a FIG. 2 is a cross section of the assembled capacitor 

number of metals or metal alloys in FIG. 1 represents one example of a suXceU electrical 

The preferred metals are those that contribute a minimum of 70 capacitor consisting of a pair of carbon feStSSTS 

resistance to the equivalent series resistance of the cell. Exam- U a wrous seoarator 13 Fan* electrodes 10 

^s^^sasx: ±E23KES5=5£ 
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terized by its electrical-conducting properties and its chemical selectivity, 30 percent sulfuric acid is especially preferred 

inertness to the particular electrolyte employed at the poten- Nonaqueous electrolytes can also be used. Solutes such as 

Ual impressed upon it. Its primary functions are as a current metal salts of organic and inorganic acids, ammonium and 

coUector and an inter-cell ionic insulator. quaternary ammonium salts etc., may be incorporated in or- 
An annular means or a gasket 12 is preferably cemented or 5 ganic solvents as, for example, nitriles such as acetonitrile 

m some t manner affixed to conducting member 14. Since paste propionitrile; sulfoxides such as dimethyl-, diethyl- ethyi 

electees 10 and 11 are not rigid masses but are to some ex- methyl-, and benzylmethyl sulfoxide; amides such as dimethyl 

ent flexible, the pnncipal function of gasket 12 is to confine formamide, pyrrolidones such as N-methylpyrrolidone; and 
m«.!^l^m T< carbonates such as propylene carbonate. Raymond Jasinski, 
material from seeping out. The gasket is preferably con- 10 "High Energy Batteries" and publications of the Proceeding^ 

structed from an insulating matenal although it need not 0 f Nineteenth and Twentieth Annual Power Sources Con- 

necessanly be limited to this type of material. The gasket ference disclose other candidate nonaqueous electrolytes 

matenal should be flexible to accommodate expansion and A detailed description of the electrical capacitor having car- 

contracuon of the electrode. Other obvious ways of confining bon paste electrodes is more fully disclosed in U.S. Pat No 

tal^ ■ , 3 > 536 ' 963fa —My of thecell, the component parti 

Separator 13 is generally made of a highly porous matenal are assembled in the order shown in FIGS. 1 and 2, and the 

which functions as an electronic insulator between the elec- same reference numerals are employed to designate the same 

trodes yet allows free and unobstructed movement to the ions component parts in both figures. The cell is thin compressed 
« Jthe electrolyte The pores of me separator 13 must be small 20 at a pressure Sufficient to render the cell a coherent sS 

™Zt k PrCV Tt contact 1 5 etwe f f n . ^posing electrodes, Pressures in the range of about 240 psi have been found suffi- 

since such a condition would result in a short circuit and con- cient for this purpose 

sequent rapid depletion of the charges accumulated on the A stacked arrangement of single cell capacitors wherein the 

electrodes The separator can also be a non-porous ion-con- substrate of the electrically conducting, intercell connector is 
ducting film such as an- ion-exchange membrane. Any con- 2 5 laminated on both sides with elastomer is also contemplated to 

ventional battery separator should be suitable, and materials be within the scope of this invention 
such as porous polyvinyl chloride, glass fiber filter- paper, 

( Watman G.FiA. ), cellulose acetate, mixed esters of cellulose, EXAMPLE I 

and fiber glass cloth have been found to be useful. Prior to its A . . . 

use it is advantageous to saturate the separator with elec- 30 n '^ b "W ene ^P rene robber compound formulation was 

trolyte. This can be accomplished by soaking the separator in p . rep ™. by T mg foUowin g components in the propor- 

theelectrolyteforaperiodoftimeofuptoabout 15 minutes. «ons indicated: 

The carbon electrodes 10 and 11 consist of activated car- 
bon particles in admixture with the electrolyte. Activation of i«*u^»e-oop«ne (% ratio. 98/2) 100 paru by weight 
carbon is the process by which adsorption properties and sur- 35 swariTacid 2 P aru by weight 
face area are miparted to a naturally occurring carbonaceous ZmcoxkJe 5 paru be weight 
material. Because electrical energy storage of a capacitor is Paraffin 2 pans by weight 
apparently based on surface area, an increase in energy ^conduct™ a»«« h**' ,« p "?!7 we ^ 
storage can be expected from an increase in surface area, 2 '"^W^ 

byactlvaUon. 40 Tetramethylihiuram disulfide* 1.25 parts by weight 

Active carbon, which is utilized in the preparation of the 

carbon paste electrodes, has surface area in the range of 1 Butyl 365-EnjayChemkaico. . 
100-2,000 metersVg, and preferably in the range of 

500-1,500 metersVg as measured by the Brunauer-Emmett- 2 vuicanxc-72-Cabot Corporation 
Teller method. The surface area is mainly internal and may be 45 3Ca P uu-R.T. vanderbiitCo.inc. 
generated by numerous activation methods. 

The initial stage in the preparation of an active carbon is ^ Methyl Tuad S -R.T.v a „derbiit Co. inc. 
carbonization or charring of the raw material, usually con- 
ducted in the absence of air below 600° C. Just about any car- A sample of the above material after mixing was sheeted out 
bon-containing substance can be charred. After the source to a thickness of 10 mils (0.010 inch) on a differential roll 
material is charred, the second step is activation. The method mill. This was then vulcanized onto a primed metal surface 
used most extensively to increase the activity of carbonized consisting of a nickel foil disc 1.125 inches in diameter and 
material is controlled oxidation of a charge by suitable oxidiz- five mils thick. The primer comprised a 0.5 weight percent 
ing gases at elevated temperatures. Most of the present com- 55 solution of polyethyleneimine 8 (5 PEI-18 - Dow Chemical 
mercial processes involve steam or carbon dioxide activation Co.) dissolved in ethanol. This was painted onto the nickel foil 
between 800° C and 1 ,000° C, or air oxidation between 300° and air dried for 30 minutes at 75° F. f and then air oven dried 
C. and 600° C . Alternately, gases such as chlorine, sulfur diox- for 30 minutes at 1 25° F. The primed surface was covered with 
ide and phosphorous may also be used. Other activation the above 10 mil sheet of butyl rubber compound, placed 
methods include activation with metallic chlorides and elec- 50 between two chrome plated metal sheets in a hydraulic press 
trochemical activation. maintained at a temperature of 320° F., and the press closed at 

Paste electrode 1 1 may also comprise a paste formed from a total force of 25,000 lbs. The assembly was vulcanized under 

the electrolyte in admixture with solid particles of boron car- pressure at 320° F. fro 20 minutes. After calendering and vul- 

bide or a refractory hard metal carbide or boride wherein the canizing, the nickel foil was coated with a 3 mil thick layer of 

metal may comprise tantalum* niobium, zirconium, tungsten 65 butyl rubber vulcanized to its surface, this rubber layer was 

and titanium, as more fully disclosed in copending application highly conductive electrically. 

Ser. No. 71,852, filed Sept. 14, 1970. Also, paste electrode 11 Two butyl rubber-nickel foil connectors prepared as above 
may comprise a mixture of the electrolyte and a metal powder were incorporated in a capacitor that was constructed and as- 
of copper, nickel, cadmium, zinc, iron, manganese, lead, mag- sembled as shown in FIG. 1. The capacitor contained a pair of 
nesium, titanium, silver, cobalt, indium, selenium and telluri- 70 carbon paste electrodes, 1.125 inches in diameter prepared 
urn as disclosed in copending application, Ser. No. 101,834 from activated carbon (Nuchar Activated Carbon C-l 15, ob- 
filed Dec. 28, 1970. tained from West Virginia Pulp and Paper Company), having 
The electrolyte may consist of a highly conductive medium a surface area of 700-950 m*/g; an electrolyte consisting of 30 
such as an aqueous solution of an acid, base or salt. In applica- percent aqueous sulfuric acid; an ionically conducting separa- 
tions wherein conductivity of an electrolyte determines its 75 tor, 1.1 25 inches in diameter, and 3 mils thick, prepared from 
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an anisotropic membrane consisting of two separate plastic race black n» im k„ ™-ui.. , ll •' ,„ . 
layers of microporous plastic sheet of the same nolvmer «™ Vr^n . T ■ parts , b y. wel 8 ht of ""N*' m 70 mis. of a 

EXAMPLE II copolymers of butadiene-actylonitrile, and butadiene-styrene! 

and the natural rubbers. 

A capacitor was constructed as in Example I with the exceD- Al Tr c 1 0 1 nnector of claim 2 wherein the elastomer consists 
. tion that the metal substrate of the connector consisted of rf J u 5[ Tul * er ' 

copper sheet instead of nickel foil and the butyl rubber ma a . co ? lector of cIa im 1 wherein the elastomer is 
elastomer was vulcanized directly on the copper without the 20 n a • 93 ° aat 50 10 200 bv W W« of electri- 
use of a primer. The equivalent series resistance of the capaci- , I conductlve black per 100 parts by weight of the 

tor after performing for 1,000 hours was 40 mUIiohms. , , u . 

5. The connector of claim 1 wherein the elastomer consists 
EXAMPLE ni of but y1 ™bber blended with from 75 to 1 75 parts by weight of 

Uo^ S P t aC ^° r W - ---ucted as in Example I with the excep- * 

sistanceofthecapacitorwa S equivalentto20miIUohms. 6. The connector of claim 5 wherein the butyl rubber-car- 
FX AMPI f iv 30 bon black bIend * la minated to a nickel substrate havine been 

tAAMrLt iv previously coated with a poiyethyleneimine primer. 

A capacitor was assembled as in Example I except that the . 7 * ^ connector of claim 6 wherein the butyl rubber-car- 

electronically conducting connector comprised carbon-satu- 1)011 black blend laminated to the nickel substrate is cured by 

rated butyl rubber containing 150 parts by weight of furnace vu Jcanizing. 

black per 100 parts be weight of rubber laminated to a metal 35 8 - Anelectrical capacitor comprising a pair of spaced active 

substrate of Hastelloy B (nickel, 24-32 percent molybdenum carbo ? elec trodes compressed from a viscous paste of carbon 

3-7 percent iron, 0.02-0.12 percent carbon) that was coated Particles and an electrolyte; a porous ionically conductive 

with a primer solution consisting of 1 weight percent of ^janitor saturated with electrolyte between said electrodes* 

gamma-aminopropyltriethoxysilane in ethanol. The capacitor and 311 e tectron-conducting, ion-insulating connector impervi- 

had a measured equivalent series resistance of 57 milliohms 40 ous u l ° * c electro, y t e positioned adjacent to the outerside of 

each of said electrodes, said electron-conducting, ion-insulat- 

EXAMPLE V mg connectors consisting essentially of an elastomer contain- 

A capacitor was constructed as in Examnle I with the «r*n. sufficient amount of electrically conductive carbon black 

tion the elastomer lamina" of ^S^S^^ 45 ^SS£m * * ^ 

connector consisted of high density polyethylene containing 45 S 
95partsbyweightofelectri^ 

100 parts by weight of elastomer. T?S had Z trode V * m immediately facing the elec- 

equivalent series resistance of 35 milliohms. Electron-con- o tu*. * , . « 

EXAMPLE VI elastomer of the electron-conducting, ion-insulating connec- 

A tor consists of butyl rubber blended with from about 75 to 1 75 

A capacitor.was constructed as in Example I with the excep- Parts by weight of electrically conductive carbon black per 

tion that the electron-conducting connector was constructed 55 lOOpartsby weight of the butyl rubber, and the substrate con- 

by silk screening onto a nickel foil substrate a fluid paste sists of a metal selected from the group consisting of nickel 

formed by dissolving a mixture of 30 grams of butyl rubber and a nickel-containing alloy. 

containing 125 parts by weight of electrically conductive fur- ***** 
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